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PREAC

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase
I Investigations. Copies of these guidelines may be obtained
from the Office of Chief of Engineers, Washington, D.C. 20314.
The purpose of a Phase I investigation is to identify expedi-
tiously those dams which may pose hazards to human life or pro-
perty. The assessment of the general condition of the dam is
based upon available data and visual inspections. Detailed
investigation, and analyses involving topographic mapping, sub-
surface investigations, testing, and detailed computational eva-
luations are beyond the scope of a Phase I investigation;
however, the investigation is intended to identify any need for
such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available
to the inspection team. In cases where the reservoir was
lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the nor-
mal load on the structure and may obscure certain conditions
which might otherwise be detectable if inspected under the nor-
Mal operating environment of the structure.

Y_ It is important to note that the condition of a dam depends on
* numerous and constantly changing internal and external con-

ditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through frequent inspections can unsafe conditions be
detected and only through continued care and maintenance can
these conditions be prevented or corrected.

Phase I inspections are not intended to provide det'ailed hydro-
logic and hydraulic analyses. In accordance with the
established Guidelines, the spillway design flood is based on
the estimated "Probable Maximum Flood" for the region (greatestI, reasonably possible storm runoff), or fractions thereof. The
spillway design flood provides a measure of relative spillway
capacity and serves as an aid in detemining the need for more
detailed hydrologic and hydraulic studies, considering the size

of the dam, its general condition and the downstream damage
potential. 6 3

0

U'-A

L-



PHASE I REPORT
NATIONAL DAM INSPECTION REPORT

NAME OF DAM Lake of the Four Seasons Damn
STATE LOCATED Pennsylvania
COUNTY LOCATED Luzerne
STREAM Oley Creek
COORDINATES Lat: 410 02.9' Long: 750 55.5'
DATE OF INSPECTION April 8 and 9, 1980

ASSESSMENT

The assessment of Lake of the Four Seasons Dam is based upon
visual observations made at the time of inspection, review of
available records and data, hydraulic and hydrologic com-
putations.

The inspection and review of available data of the Lake of the
Four Seasons Dam did not reveal any problems which require
emergency action. The main embankment and dike section appear
to be in good condition. The spillway structures are both under
construction. The completed portion of the ogee spillway
appeared to be in good condition. The ogee spillway exit chan-
nel is under construction.

The reservoir was drained at the time of inspection and obser-
vation of any seepage was impossible. No evaluation of the
structural stability of the dam could be made. Serious soil
problems are associated with the ogee spillway approach and
exit channel which may also exist under the embankments. The
owner should provide docum~ntation of embankment and foundation
soil properties and stability and seepage analyses of the dam.

Lake of the Four Seasons Dam is a high hazard-intermediate size
dam. The spillway design flood for a dam of this size and
classification is the PMF. ,The spillway and reservoir are
capable of controlling approximately 54% of the PMF.
Definitions used by the Corps of Engineers indicate that the
spillway should be rated as inadequate. However, the temporary
and permanent (as designed) auxiliary spillway has the poten-
tial for erosion of the exit channel and subsequent erosion of
the toe of dam. It is possible that a failure of the dam could
result at less than 1/2 PMF by erosion of the embankment toe.--

Modifications currently proposed to the auxiliary spillway and
plans to increase the top of dam do not appear to substantially
increase the spillway capacity.
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PHASE I
NATIONAL DAM INSPECTION PROGRAM

LAKE OF THE FOUR SEASONS DAM
NDI. I.D. NO. PA 568
DER I.D. NO. 40-225

SECTION 1
PROJECT INFORMATION

1.1 General.

a. Authority. The National Dam Inspection Act, Public Law
92-367, authorized the Secretary of the Army, through the Corps
of Engineers, to initiate a program of inspection of dams
throughout the United States.

b. Purpose. The purpose of the inspection is to determine
if the dam constitutes a hazard to human life or property.

1.2 Description of Project.

a. Dam and Appurtenances. The Lake of the Four Seasons Dam
consists of two earthfill impounding structures (see page A-12).
The main embankment (dam) is an earthfill dam, 1500 feet long and
29 feet high. The measured crest width of the main embankment
(dam) is 12 feet. The upstream slope of the embankment is
2.75:1V and is protected with riprap. The downstream slope is
2H:1V and grass covered. Along the toe of the dam is a paved
gutter which collects surface runoff and drains toward the outlet
structure for the 24" drainline.

The drainline for the dam consists of a 24" diameter rein-
forced concrete pipe. A control structure on the upstream slope
of the embankment controls flow through this pipe. The reservoir
drain control structure is located approximately 350 feet from
the left abutment.

At the left abutment of the main embankment (dam) are two
spillways. One spillway consists of a concrete culvert type
spillway, modified to function as an orifice. Immediately adja-
cent to the concrete structure at the left abutment is an open
earth cut channel which serves as a temporary auxilary spillway
for the dam. The open cut channel is trapezoidal in shape. Flow
through the open cut spillway and the concrete orifice type
spillway discharge into an open channel which runs parallel to
the toe of the dam and discharges flows into the stream approxi-
mately 100 feet below the outlet structure for the drainline.
The discharge channel for the spillways appears to have been cut
into natural ground and is bounded on the right by a berm which
serves to contain flows in the channel.
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The second impounding structure (dike) is located approxi-
mately 1/2 mile southwest of the main embankment. The dike is
approximately 600 feet long, and 26 feet high. The upstream and
downstream slopes are 2H: IV and the upstream slope is protected
with riprap. A small cast iron pipe exists through the dike
section. The crest width of the dike is approximately 15 feet.
A paved gutter exists along the downstream toe of the dam
draining surface runoff toward the discharge structure.

A permanent concrete ogee spillway is located approximately
500 feet southwest of the dike on the lAft abutment. The struc-
ture consists of a concrete ogee spillway with a weir length of
120 feet. The spillway approach consists of an open cut earth
channel approximately 900 feet long with earth dikes on each
side. The spillway exit channel design has been completed but
construction is not yet completed.

b. Location. The dam is located on Oley Creek, a
tributary .o the Nescopeck Creek, Luzerne County, Pennsylvania.
Lake of the Four Seasons Dam can be located on the Freeland,
U.S.G.S. 7.5 minute quadrangle.

c. Siza Classification. Lake of the Four Seasons Dam is
an intermediate size dam (29 feet, 2440 ac-ft).

d. Hazard Classification. Lake of the Four Seasons Dam is
a high hazard dam. Downstream conditions indicate that loss of
more than a few lives is probable should the structure fail. An
amusement park and approximately 30 homes are located imme-
diately downstream of the dam, with most residents being located
southwest of Route 309 and adjacent to the banks of the
Nescopeck Creek. Approximately 150 people are located within
this area downstream of the Lake of the Four Seasons Dam.

e. Ownership. Lake of the Four Seasons Dam is owned by
the Diversified Mortgage Investors. Correspondence should be
addressed to:

Mr. Howard Imme
Diversified Mortgage Investors
5915 Ponce DeLeon Boulevard
Coral Gables, Florida 33146

f. Purpose of Dam. Lake of the Four Seasons Dam was

constructed for the purposes of recreation and real estate
development.•

g. Design and Construction History. Lake of the Four
Seasons Dam is under construction. The dam originally was called
the Penn Highland Dam. The Penn Highland Dam was constructed
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around 1966. The original dam (Penn Highland) was designed and
constructed by the original owner Mr. George Woelfel. The pro-
perty was then sold to Eastern Pennsylvania Marine Properties,
Inc. The Eastern Pennsylvania Marine Properties, Inc. planned to
develop the land for the purposes of real estate development.
The developer hired E. D'Appolonia of Pittsburgh who performed
the design of the development and drawings relative to the
spillway. The project was never fully constructed. Several
drawings relative to-the E. D'Appolonia design are included in
Appendix E of this report. The project laid dormant for a number
of years and around 1978 the present owner, Diversified Mortgage
Investors (DMI), ENMID Corporation, purchased the property from
the bankrupted Eastern Pennsylvania Marine Properties, Inc.

During the 1972 flooding associated with Hurricane Agnes,
the spillway, was damaged by the flooding. The dam and the dike
were not damaged during this flooding. An ogee spillway section
was initially planned to be constructed at the entrance of the
existing spillway channel but was later moved to its present
location (see appendix E-8).

Around 1973 or 1974 the Pennsylvania Department of

*Environmental Resources issued an order to padlock open the
drain valve at the main embankment and to keep the lake drained
until such a time as construction at the project was completed.
The valve is still padlocked and the reservoir remains at a low
level.

Before 1978, the existing concrete ogee spillway was
completed. Several items including the spillway backfilling and
the spillway approach were not completed. In 1978 the firm of
Gannett Flemming Corddry & Carpenter Inc. were retained to
review previous work and to recommend a future course for
construction of the project related to the spillway and channel.

.1 The firm's recommended plan for the spillway facility, including
the approach channel from the reservoir and the details of the
exit channel between the weir and the downstream side of the
recommended vehicular bridge as presented in their report, are as
shown on Plate No. 1 (see appendix E-8).

In 1978, the design and construction work was resumed on the
spillway exit channel. Many construction problems including high
water tables, flowing sands, humus and peat were encountered and
deposits have delayed the construction of the exit channel. The
exit channel is still under construction.
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In 1979, a temporary auxiliary spillway was cut in earth at
the left abutment of the main embankment. This auxiliary
spillway was to control spillway discharges during the construc-
tion of the ogee spillway exit channel. A spillway exit channel
consisting of an earth cut and earth berm was constructed.

Design plans call for the auxiliary spillway to be made per-
manent by raising the weir elevation 3.2 feet and increasing the
bottom width from 40 to approximately 50 feet.

h. Normal Operating Procedures. The reservoir, at the time
of the inspection, was in a near drained condItion. Normal flow
into the reservoir is allowed to discharge through the drainline
at the main embankment. The drainline valve is padlocked in an
open condition. Since the project is not yet completed no normal
operating procedures exist.

1.3 Pertinent Data.

a. Drainage Area,. 8.47 square miles

b. Discharge at Dam Site (cfs).

Maximum flood at dam site Unknown
Drainline capacity at normal pool Unknown

Concrete orifice spillway Undetermined
Spillway (ogee) 5415
Temporary auxiliary spillway 2405
Combined spillway and temporary auxiliary
spillway capacity 7820

c. Elevation (U.S.G.S. Datum) (feet). - Field survey based
on ogee spillway crest at elevation 1060.2 from design drawings
(see appendix E-8).

Top of dam - low point - main embankment 1065.5
Top of dam - low point - dike 1067.5
Maximum pool - design surcharge 1066.0
Full flood control pool N/A
Normal pool (proposed) 1060.0
Spillway crest (ogee) 1060.2
Temporary auxiliary spillway crest
(average) 1058.3

Upstream invert - 24" RCP Unknown
Downstream invert - 24" RCP 1039.2
Maximum tailwater None
Toe of dam (embankment) 1037.0
Toe of dike 1041.*0
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d. Reservoir (feet).

Length of maximum pool 5700

Length of normal pool 7 5500

e. Storage (acre-feet).

Normal pool 1546

Top of dam (main embankment) 2440

f. Reservoir Surface (acres).

Top of dam (main embankment) 187
Normal pool 154

Spillway crest 154

g. Dam (main embankment).

Type Earthfill
Length 1500 feet

Height 29 feet

Top width 12 feet

Side slopes (field measurement) - upstream 2.75H: IV
- downstream 2H: IV

Side slopes (design) - upstream 2H:1V

-downstream 2H: IV
Zoning Unknown

Impervious core Unknown

Cutoff Unknown
Grout curtain Unknown

h. Dike.

Type Earthfill
Length 585 feet
Height 26 feet
Top width 15 feet
Sideslopes ( field measurement) - upstream 2H: 1V

- downstream 2H: 1V
Sideslopes (design) - upstream 2H:1V

- downstream 2H: IV
Zoning Unknown
Impervious core Unknown

Cutoff Unknown

Grout curtain Unknown

i. Reservoir Drain (main embankment).

Type 24" reinforced concrete pipe

Length Unknown

Closure Gate valve

Access Control structure
on upstream slope

Regulating facilities Valve in control
tower on upstream slope
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J. Spillway.

Type Concrete ogee section
Length 120 feet
Crest elevation 1060.2
Upstream channel Spillway approach channel
Downstream channel Discharge channel which

joins Oley Creek

k. Temporary auxiliary spillway.

Type Open cut (trapezoidal)
Bottom width 40 feet
Crest elevation (average) 1058.3
Upstream channel Lake (unrestricted)

Downstream channel Discharge channel to
natural streambed

beyond toe of dam

1. Orifice spillway.

Type Orifice
Crest length 12 feet
Crest elevation 1060.0
Area of opening 9 sq.ft.
Upstream channel Lake (unrestricted)
Downstream channel Discharge channel

to natural streambed
beyond toe of dam

6



SECTION 2
ENGINEERING DATA

2.1 Design. Most of the design information was obtained from
the owner, E. D'Appolonia Consulting Engineers and the PennDER.
The owner provided E. D'Appolonia drawings on remedial construc-
tion details, design drawings by Gannett Fleming Corddry and
Carpenter, Inc., and a design report by Gannett Fleming Corddry
and Carpenter, Inc., dated September 25,1978. E. D'Appolonia
provided additional construction drawings. The PennDER provided
a report by Gannett Fleming Corddry and Carpenter, Inc. dated
August 6, 1980 on the spillways. No other information including
correspondence, was provided by PennDER. All this information
was reviewed for this study. Discussions with E. D'Appolonia,
Gannett Fleming Corddry and Carpenter, Inc., Department of
Environmental Resources and George Woelfel were conducted to
obtain additional information.

No soils data (boring logs or test data) were available for
the dike or embankment. Some soils data was available on the
spillway and spillway exit channel. Hydrologic and hydraulic
design data is summarized in Section 5.

2.2 Construction. Construction of the dam has progressed in
various stages over a number of years. Several design engineers
were involved in the design and construction of the dam and
spillways. No information was available on the construction of
the embankment and dike. Considerable construction information
exists on the construction of the spillway exit channel, which
is still under construction. Most of this information is sum-
marized in Gannett Fleming Corddry and Carpenter, Inc. report
of August 6, 1980. The report states that many problems were
encountered during the construction of the exit channel
including flowing sands, a high water table and humus and peat
deposits.

2.3 Operation. The dam is not yet fully constructed. No
operating records are maintained.

2.4 Evaluation.

a. Availability. Engineering data were provided by the
owner. Design engineers were contacted for the purposes of this
report and supplied minimal information. The PennDER only pro-
vided the Gannett Fleming Corddry and Carpenter, Inc. report
of August 6, 1980.

b. Adequacy. The construction of the dam is still in
progress. Design data and other information is available based
on the present design but is subject to revision. The Phase I
Report is based on visual inspection and hydraulic and hydrolo-
gic analysis. Sufficient information exists to complete a Phase
I Report.
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The onsite inspection of Lake of the Four
Seasons Dam was conducted by personnel of L. Robert Kimball and
Associates accompanied by DER personnel on April 8 and 9, 1980.
The inspection consisted of:

1. Visual inspection of the retaining structure,
abutments and toe.

2. Examination of the spillway facilities, exposed
portion of any outlet works and other appurtenant
works.

3. Observations affecting the runoff potential of
the drainage basin.

4. Evaluation of the downstream area hazard potential.

b. Dam. The dam appears to be in good condition. The
reservoir area is maintained in a drained condition. Inflow -I
into the reservoir area is discharged through the 24" RCP
located through the main embankment of the dam. A low water
level exists in the reservoir. At times inflow into the reser-
voir area exceeds the capacity of the 24" drainline forming a
pool. The upstream slope of the dam was measured to be 2.75R: lV
and is protected with riprap. The crest width of the dam
measured 12 feet. The downstream slope of the dam is grass
covered and the slope was measured to be 2H:IV. Several erosion
channels exist on the downstream slope. A surface runoff
collection drain exists along the toe of the dam and appears to
be in good condition. No seepage was observed during the
inspection on the downstream slope or along the toe of the dam;
and, since the reservoir pool was nearly drained, the existence
of seepage could not be determined. The area beyond the toe of
the embankment is swampy.

A second impounding structure exists southwest of the main
embankment section. This embankment is referred to as the dike.
The crest width of the dike is approximately 15 feet and both
the upstream and downstream slopes are 2H1 V. The upstream
slope of the dike is protected with riprap. Almost no water is
presently impounded at this structure. The downstream slope of
the dike is grass covered and a surface runoff collection chan-
nel exists along the toe. An 8" or 12" cast iron pipe exists
through the embankment section but drawings relative to the
design indicate that the pipe has since been plugged. The valve
for this pipe is located on the downstream end of the pipe at
the toe of the dike section. Surface runoff has washed debris
into this area and only the valve stem is visible. The design
drawings are in conflict as to the size of this pipe.
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c. Appurtenant Structures. The ogee spillway for the
reservoir is located southwest of the dike. Construction con-
tinues in this area. The ogee section of this spillway is
complete although work continues on the downstream section imme-
diately below the spillway in the spillway exit channel. The
spillway is a concrete ogee structure with a crest length of 120
feet. Flow into the spillway approach channel is partially
blocked by a temporary dike at the entrance to the channel. The
top of the temporary dike is below the spillway crest. The
spillway exit channel has been partially excavated. No active
work was in progress during the inspection.

A temporary auxiliary spillway exists at the left abutment
of the main embankment. The temporary auxiliary spillway is cut
into natural ground (earth) at the left abutment and is trape-
zoidal in shape. A discharge channel for the temporary auxi-
liary spillway flows parallel to the toe of the dam and outlets
in the stream area below the toe of the dam. Construction in
this area appears to be incomplete. A concrete orifice type
flow structure exists near the left abutment of the dam and was
the spillway structure for the original dama (Penn Highland Dam).
Prior to construction of the temporary auxiliary spillway the
box culvert spillway was modified as to serve as an orifice type
spillway.

* d. Reservoir Area. The watershed is covered mostly by
timberland. The reservoir slopes are steep but do not appear to
be susceptible to massive landslides which would affect the
storage volume of the reservoir or cause overtopping of the dam
by displacing water.

e. Downstream Channel. The downstream channel for the
Lake of the Four Seasons Dam consists of Oley Creek which is
a tributary of Neskopeck Creek.

3.2 Evaluation. Both the embankment and the dike appear to be
in good condition. Erosion gullies are present on the
downstream slope of the embankments. No determination of
seepage problems could be made because the reservoir exists in a
drained or near drained condition. The temporary auxiliary
spillway located at the left abutment of the main embankment can
only serve (in its present condition) as a temporary structure.
Construction in this area is in progress. Design drawings (see
appendix E-9) indicate that a permanent auxiliary spillway
structure is to be constructed in this area. Construction of
the permanent discharge channel for this structure as well as
the modified concrete culvert spillway is not completed. The
berm which forms the right embankment for the existing discharge
channel is only sparcely riprapped and appears to require addi-
tional work to meet final design criteria. Flow through this
channel could result in possible erosion of the right channel
embankment and subsequent erosion of the downstream toe of the
main embankment.* The ogee spillway exit channel for the reser-
voir is still wnder construction.
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SECTION 4
OPERATIONAL PROCEDURES

4.1 Procedures. The water level in the reservoir is maintained
in a drained or near drained condition. Construction of the
Lake of the Four Seasons Dam is incomplete and the 24" drainline
through the main embankment section is maintained in a locked open
position. The drainline valve was not operated during the
inspection.

4.2 Maintenance of the Dam. Construction of the dam is
incomplete. No formal maintenance program exists.

4.3 Maintenance of Operating Facilities. Construction of the
dam is yet incomplete. No formal maintenance program has yet
been developed.

4.4 Warning System in Effect. There is no warning system in
effect. The reservoir is maintained in a drained or near
drained condition.

4.5 Evaluation. The condition of the dam and dike appear to be
in good condition. Since construction at the site is as yet
incomplete, no evaluation could be made as to operational
procedures.
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SECTION 5
HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features.

a. Design Data. No design information exists on the
hydrologic or hydraulic analysis for the original dam. Gannett
Fleming Corddry and Carpenter, Inc. have designed the permanent
spillway facilities for this dam. Gannett Flemming Corddry
and Carpenter, Inc. reports of September 25, 1978 and August 6,
1980 contain their hydrologic and hydraulic studies which are
summarized below:

Top of dam 1066.0
Spillway design flood About 1/2 RP
Peak inflow (PMF) 16,000 cfs
Spillway capacity 67% PMF
Temporary auxiliary spillway capacity Not stated
Permanent auxiliary spillway capacity 14% PMF
Total spillway capacity (spillway plus

permanent auxiliary spillway combined) 81% PMF

During the construction of the spillway and spillway exit
channel flowing sands, a high water table, humus and peat depo-
sits were encountered.

b. Experience Data. No rainfall, runoff or reservoir
ill level data were available.

c. Visual Observations. The ogee spillway structure
appeared to be in good condition. Construction on the ogee
spillway exit channel is not yet complete. The open cut tem-
porary auxiliary spillway located on the left abutment of the
main embankment exists as a temporary structure and remains to
be completed as per design drawings located in Appendix E (see
appendix E-9). The temporary auxiliary spillway exists as an
open cut earth channel with construction of the discharge chan-
nel incomplete. Large flows through this area could affect the
spillway, the right embankment of the discharge channel and the
main embankment of the dam by erosion.

d. Overtopping Potential. Overtopping potential was
investigated through the development of the probable maximum
flood (PMF) for the watershed and the subsequent routing of the
Pi4F and fractions of the PMF through the reservoir and spillway.

The Corps of Engineers, Baltimore District, has directed
that the HEC-1 Dam Safety Version systemized computer program be
utilized. The program was prepared by the Hydrologic
Engineering Center (EEC), U.S. Army Corps of Engineers, Davis,
California, July, 1978. The major methodologies or key input
data for this program are discussed briefly in Appendix D.
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5.2 Evaluation Assuaptions. To enable us to complete the
hydraulic and hydrologic analysis for this structure, it was
necessary to make the following assumptions.

1. The Spillway Design Flood (SDF) is considered as the
P14.

2. The dam was analyzed for hydrologic and hydraulic capa-
bilities based upon the conditions existing at the time of
inspection with the exception that the reservoir pool at the
time of flood was at the temporary auxiliary spillway crest
(1058.3) and the reservoir drain flows were neglected.

4. The top of dam was considered as the low spot elevation
on the main embankment section. The top of dam was considered
as 1065.5. The dike elevations and intermediate natural ground
obstructions connecting the structures were analyzed through the
$L, $V options provided in the (HEC-1) program option.

5. Both the ogee spillway and the temporary auxiliary
spillway (in its temporary condition) were considered as being
capable of discharging flow from the reservoir. Flow through
the modified culvert spillway was not considered.

5.3 Summary of Overtopping Analysis. Complete summary sheets
for the computer output are presented in Appendix D.

Peak inflow (PMF) 16455 cfs
Ogee spillway capacity 5415 cfs
Temporary auxiliary capacity 2405 cfs
Combined discharge capacity 7820 cfs

a. Spillway Adequacy Rating. The Spillway Design Flood
(SDF) for this dam is the PMF. The SDF is based on the hazard
and size classification of the dam. Based on the following
definition provided by the Corps of Engineers, the spillway
is rated as inadequate as a result of our hydrologic analysis.

Inadequate - All high hazard classification dams not

capable of passing the spillway design flood (PMF).

The spillway and reservoir are capable of controlling
approximately 542 of the PMF without overtopping the main
embankment section of the dam.

Modifications currently prposed to the auxiliary spillway
and plans to increase the top of dam do not appear to substan-
tially increase the spillway capacity.

12
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SECTION f

7'rRUCTURAI, ST'ABhi. ITY

(,.I Evalati,) 3l 1 : tru'tural st:ibijity.

a. Visu (d Obslevations. 'rosi,)n chanli s wetr visihe oi
the downstream sl,,pis of both the ma in tmNba'kmnt and the dike
sect ion. No SeO:pVAg' was visible in the ar,. of the main embank-
ment section ,r Olt, dtko. rhc re r,,,i r ; maintained in a near
drained or draiined condition and, tih retore, no evaluation as to
potential seekptg2 -ould be deterni nd. A s.;wamupy area was noted
btyond the to,' of the embankment. The dri Ltid condition of the
dam and the .a'k of supporting geotechnical investigation make
it impossible to assess the stability of ti* structure under the
scope of this Phase I inspection.

Flow through the temporary auxiliary si Ilway discharge
channl has the potential to erode the right embankment of the
channel and the toe of the main embankment near the left
abutment. Con;truction in this area is incomplete but the final
design doe-, not. c,il for mainy revisions.

b. Desi '- and Construction Data. Con:itruction of the lake
ut the Four -, .s IDam is not ca)rTpIet e. The embankment struc-

ture as weL . t ie dike appear to he compl,.te. The spillway
and the auxi i ry ;pill.way are still under construction. No
known stabi lity ainalyses have been conducted at toe dam. Soils
information ini tht form of boring logs and ;oli tests were not
available. Their etxistence is uncerta In. Representatives of
PennDER indicated tir-it the dam had seepage problems before it
was orderod Arilmitd. There was Alit,'issio)n that some soils
investigatio ,c wt'rTi conducted to control ti, ,-;eepage but none

were availabv Ia r, ir the sources cont act ed.

Insutficicrit information was available on the embankment and
toundation soils Lo as;sess the stability of the embankments.

Consid--.ible ;()il problems exist in tihe area of the ogev
spillway and ;Ippr,;e,' h channel to the oge', ' pI Iway. The dam and

reservoir is underlaIi with glacial depositl. During construc-
tion of the spi Iw, iv approach anl exit chann.ls many soils
problems were encIntered. Gannett Fleming Corddry and
Carpenter's re.port of Ahugst 6, 1980 stat , the following In
regard to thcse. soi-s problems:

"Croundwiotte r low,.td freely tir ugh th !ine sand areas
cau st i'L, spriigs , botls, and flowing Od5s'es of the finer
sandy mate, il in areas and lnc sti Is w!ere they were
disturbed ar , xpu-ed by an ,,:e4avat ion ,ut."

"ExcaV:i tIl ,-M MIy 21 , 1Iq 79 revealed the presence of fine m
organii :il, hi mu material ,ti, pat idong the channel

.......................................................



In view of the fact that these serious soil problems exist
only several hundred feet away from the embankments, it is
possible that they may exist there also. The reservoir has been
drained for approximately 7 years and the problems associated
with the original embankments are sketchy. When the reservoir
is filled and during high heads, soil problems may occur in the
area of the embankments. No monitors are present to detect
unexpected conditions.

c. Operating Records. The Lake of the Four Seasons Dam is
still under construction. No operating records exist.

d. Post Construction Changes. The Lake of the Four
Seasons Dam is still under construction.

e. Seismic Stability. The dam is located in seismic zone
1. No seismic stability analyses has been performed. The long
term stability of the embankments is unknown and any future ana-
lysis should consider the effects of seismic loading on the dam.

1
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SECTION 7
ASSESS1ENT AND RECOMMHNDATIONS /RDAEDIAL MEASURES

7.1 Dan Assessment.

a. Safety. The main embankment of the dam and dike appear
to be in good condition. Construction at the Lake of the Four
Seasons Dam is not complete. Erosion channels were observed on
the downstream slopes of the main embankment and the dike. No
seepage was observed because the reservoir is maintained in a
drained or near drained condition. Therefore, no seepage deter-
mination could be made. A swampy area was observed beyond the
toe of the embankment.

Serious soil problems were encountered during construction
of the ogee spillway, approach and exit channel. These areas
are only several hundred feet away from the embankment. A sta-
bility analysis of the embankments (including subsurface
investigation) should be conducted.

The temporary auxiliary spillway located at the left abut-
ment at the main embankment exists in a temporary condition.
Considerations should be given to the time frame which is esti-
mated for the completion of the structure. If final construc-
tion appears to be delayed, measures should be taken to protect
the spillway, discharge channel and right embankment section of
the discharge channel against potential erosion.

The hydrologic and hydraulic analysis conducted for this
study indicate that under conditions existing at the time of
inspection, the spillways are capable of controlling 54% of the
PMF without overtopping the embankment. Definitions used by the
Corps of Engineers indicate that the spillway is inadequate.
However, any large flows through the temporary auxiliary
spillway may cause erosion of the toe and embankment.

The final design indicates that the auxiliary spillway will
become permanent and the capacity may be less than the temporary
spillway. The final design does not show additional erosion
protection along the embankment toe. Should a storm approaching
a magnitude of 1/2 PMF occur, potential discharges through the
auxiliary spillway could erode the right embankment of the
discharge channel, the toe of the dam near the left abutment and
lead to potential failure of the dam.
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9. The top of dam elevation should be graded to minimum

design elevations and maintained. Fill placement and grading

operations should conform to current engineering practice.
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LAKE OF THE FOUR SEASONS DAM

PA 568

Photograph Descriptions

Sheet 1. Front

(1) Upper left - Overview.
(2) Upper right - Main embankment section, upstream slope,

downstream slope and embankment crest.
(3) Lower left - View of main embankment section from

the left abutment, note emergency
spillway in foreground.

(4) Lover right - Culvert spillway at left abutment of
main embankment.

Sheet 1. Back

(5) Upper left - 24"~ reinforced concrete pipe (main

embankment).
(6) Upper right - overview.
(7) Lover left - Crest and upstream slope of dike.
(8) Lover right - Crest and downstream slope of dike.

Sheet 2. Front

(9) Upper left - Principal spillway.
(10) Upper right - Discharge channel construction for

principal spillway.
(11) Lower left - Valve at toe of dike.
(12) Lower right - Downstream exposure along Route 309

below dam.
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APPENDIX D
HYDROLOGY AND HYDRAULICS

Methodology. The dam overtopping and breach analyses were
accomplished using the systemized computer program HEC-1 (Dam
Safety Investigation), September, 1978, prepared by the
Hydrologic Engineering Center, U.S. Army Corps of Engineers,
Davis, California. A brief description of the methodology used
in the analysis is presented below.

1. Precipitation. The Probable Maximum Precipitation
(PMP) is derived and determined from regional charts prepared
from past rainfall records including "Hydrometeorological
Report No. 40" prepared by the U.S. Weather Bureau.

The index rainfall is reduced from 10% to 20% depending on
watershed size by utilization of what is termed the HOP Brook
adjustment factor. Distribution of the total rainfall is made
by the computer program using distribution methods developed by
the Corps.

2. Inflow Hydrograph. The hydrologic analysis used in
development of the overtopping potential is based on applying a
hypothetical storm to a unit hydrograph to obtain the inflow
hydrograph for reservoir routing.

The unit hydrograph is developed using the Snyder method. This
method requires calculation of several key parameters. The
following list gives these parameters their definition and how
they were obtained for these analysis.

Parameter Definition Where Obtained

Ct Coefficient representing From Corps of
variations of watershed Engineers*

L Length of main stream From U.S.G.S.
channel miles 7.5 minute

topgraphic

Lca Length on main stream From U.S.G.S.
to centroid of watershed 7.5 minute

topographic

Cp Peaking coefficient From Corps of
Engineers*

A Watershed size From U.S.G.S.
7.5 minute
topographic

*Developed by the Corps of Engineers on a regional basis for

Pennsylvania.
D-1
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3. Routing. Reservoir routing is accomplished by using
Modified Plus routing techniques where the flood hydrograph is
routed through reservoir storage. Hydraulic capacities of the
outlet works, spillways and the crest of the dam are used as
outlet controls in the routing.

The hydraulic capacity of the outlet works can either be calcu-
lated and input or sufficient dimensions input and the program
will calculate an elevation discharge relationship.

Storage in the pool area is defined by an area - elevation rela-
tionship from which the computer calculates storage. Surface
areas are either planimetered from available mapping or U.S.G.S.
7.5 minute series topographic maps or taken from reasonably
accurate design data.

4. Dam Overtopping. Using given percentages of the PMF
the computer program will calculate the percentage of the PMF
which can be controlled by the reservoir and spillway without
the dam overtopping.

5. Dam Breach and Downstream Routing. The computer
program is equipped to determine the increase in downstream
flooding due to failure of the dam caused by overtopping. This
is accomplished by routing both the pre-failure peak flow and
the peak flow through the breach (calculated by the computer
with given input assumptions) at a given point in time and
determining the water depth in the downstream channel. Channel
cross-sections taken from U.S.G.S. 7.5 minute topographic maps
were used in the downstream flood wave routing. Pre and post
failure water depths are calculated at locations where cross-
sections are input.

D-
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HYDROLOGY AND HYDRAULICS ANALYSIS
DATA BASE

NAME OF DAM: Lake of the Four Seasons

PROBABLE MAXIMUM PRECIPITATION (PMP) - 2.22 (.99) - 21.98 inches

STATION SUBAREA

Station Description A B C D

Drainage Area
(square miles) 1.09 1.78 3.25 2.35

Cumulative Drainage Area
(square miles) 1.09 1.78 6.12 8.47

Adjustment of PMF for
Drainage Area (%)(1)
6 hours 117

12 hours 127
24 hours 136
48 hours 143
72 hours 145

Snyder Hydrograph
Parameters

Zon- (2) 13
Cp % .5
Ct (3) 1.85
L (miles) (4 2.4 1.7 3.03 2.3
Lca (miles) J4) .90 .80 1.7 1.00
tp - Ct(LxLca) 0.3 hrs. 2.33 2.03 3.03 2.37

Spillway Data
Crest Length (ft) 120
Freeboard (ft) 5.3
Discharge Coefficient 3.7
Exponent 1.5

(1)Hydrometeorological Report 40 (Figure 1), U.S. Army Corps of
Engineers, 1965.

(2)Hydrological zone defined by Corps of Engineers, Baltimore
District, for determining Snyder's coefficients (Cp and Ct).

(3)Snyder' s Coefficients.
(4 )L-Length of longest water course from outlet to basin divide.

Lca-Length of water course from outlet to point opposite the
centroid of drainage area.

D-3 I,
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CHECK LIST
HYDROLOGIC AND HYDRAUIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: D.A. - 8.47 mi2

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 1546 ac-ft

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 2440 ac-ft

ELEVATION MAXIMUM DESIGN POOL: Unknown

ELEVATION TOP DAM: 1065.5 feet

SPILLWAY CREST:

a. Elevation 1060.2 feet

b. Type Concrete-ogee
c. Width LLU teet

d. Length unaeone
e. Location Spillover I.arge channe

f. Number and Type of Gates
°None

OUTLET WORKS:

a. Type 24" RCP

b. Location Throujh main 0mhankment
c. Entrance inverts Unknown

d. Exit inverts 1039.2
e. Emergency draindown facilities 24" RCP

HYDROMETEOROLOGICAL GAUGES:

a. Type None
b. Location V^""
c. Records None

Unknown
MAXIM NON-DAMAGING DISCHARGE."

D-4
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General Geology

Lake ot the Four Seasons lies within the Appalachian
Mountain Section of the Valley and Ridge Physiographic Province.
This region is characterized by overturned anid assymetric folds,
local shearing and Large, low-angle thrust faults. There is
some minor faulting indicated six or seven miles to the
southeast of the reservoir.

The bedrock in this area consists of the Mississippian aged
Mauch Chunk Formation. The rocks in this formation are

generally red shaLes and claystones, and gray to green sandsto-
nes and siltstones. The thin beds are moderately well
developed. The abundant joints are regularly spaced and modera-
tely well formed. The sandstone and siltstone are very
resistant to weathering while the shale and claystone may be
severely weathered. The rocks form a good foundation for havy
structures if excavated to sound material. The total effective
porosity of the formation is high due to the Jointing.

Lake of the Four Seasons lies at the approximate southern
edge of the Wisconsin Drift. This area is characterized by gla-
cial features and deposits which average between 25 to 50 feet
in the northern Appalachians. This nonstratified sediment, or
till, consists of boulder to clay sized particles.
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Geologic Map of The Lake Of The Four Seasons Dom Area

E]Mauch Chunk Forrmtan
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